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TECHNIQUES OF SPACE PHOTOGRAPHY 
c 
by Robert L. Summers 
The rocket engine has given man the capabi l i ty  t o  leave the  Ear th  
and reach out i n to  space-to the Moon, the  planets and soon beyond. 
While the capabili ty i s  due t o  the rocket engine, the a b i l i t y  t o  u t i l i z e  
such a capabili ty rests on instrumentation. 
cussion of the ro l e  of one type of instrumentation, the camera, i n  the  
ex-ploration of space 
My topic  today i s  a dis- 
The program of space exploration of t h i s  nation i s  being conducted 
by the National Aeronautics and Space Administration. NASA, as you k n o ~ ,  
i s  an agency of the United States  government, created by act of Congress, 
and charged w i t h  t he  conduct of t h i s  nation's space progrm. 
especially charged t o  conduct a program of peaceful exploration and 
exploitation of space fo r  the benefit  of a l l  mankind. 
NASA i s  
M y  ro l e  today i s  not as apologist fo r  the space program. The 
reasons f o r  such a program are many and varied. 
t ha t  i f  ther? i s  a goal,  it i s  the nature of man t o  t r y  u n t i l  he succeeds 
t o  t h a t  goal. Space f l i g h t  has been the dream of man since he f i rs t  look- 
ed t o  the heavens. And, we are ncw standing a t  the end of t he  first 
decade of' t h i s  dream that  we c a l l  the space age. 
It i s  suff ic ient  t o  say 
From the  f i r s t  decacie of t h i s  man9s greatest  adventure, I have 
selected four missions which I w i l l  discuss. The four missions chosen 
a r e  photographic, or include photographic subsystems. By l imit ing the 
number t o  four we may look a t  each i n  d e t a i l ,  and s t i l l  compare and con- 
trast  a group of similar missions. 
When ve consider the camera as an instrument or instrument system, 
we must remember tha t  man has an innate set of sensors which enable h i m  
t o  sense h i s  environment. I n  additicn, he has evolved a complex set of 
aids which extends the range of h i s  senses. With these aids--we c a l l  
them instrunents--we are able t o  see tha t  which i s  too s m a l l ,  t o  hear 
t h a t  which i s  too quiet. 
environment t h a t  were previously unattainable. Through telemetry, our 
senses are extended t o  tha t  which i s  unreachable or intolerable.  Photo- 
graphs are an extension of  man's most sensi t ive sense, the eye. 
since we cannot t r zve l  t o  see the other planets,  we u t i l i z e  photography. 
We cannot prac t ica l ly  re turn photographs from other planets,  so we 
u t i l i z e  the techniques 02 te levis ion.  
Through transducers, we sense parameters of our 
And, 
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Three of the four missions t o  be discussed ( f ig .  1) are lunar 
probes. The first of these was Ranger, now terminated, i n  which a 
probe was launched t o  impact on the  Moon. Prior t o  impact, camera 
systems were t o  telemeter photos back t o  Earth. 
Surveyor, i s  designed t o  soft-land various instruments, including 
c<meras on the Moon and then telemeter data  t o  Earth-bound investiga- 
torq. The Lunar Orbi ter  i s  the  th i rd  lunar mission. I t s  goal i s  a 
low lunar orb i t  from which photos and measurements may be m a d e .  The 
immediate goal of these probes i s  the preparation fo r  t h e  f i r s t  manned 
lunar missions--Apollo. 
The second mission, 
The fourth mission ( f ig .  2) i s  Mariner I V  whose mission was  t o  
fly-by Mars and provide data on Mars, and the near Mars space. One 
phase of Mariner was a series of Martian surface photos. 
missions has a similar ob jective--to provide photographic information 
of surface topography of the Moon or Mars. 
conducting each of the  missions r e s u l t s  i n  four very d i f fe ren t  camera 
systems. 
Each of these 
Differences i n  the mode of 
The necessity of using probes i n  t rying t o  expand our knowledge of 
our neighbors i n  space becomes evident when we rea l i ze  j u s t  how re s t r i c t ed  
our Earth-bound observations are due t o  the nature of t he  atmosphere, 
( f ig .  3). The very properties of the atmosphere which nurture and pro- 
t ec t  l i f e  a lso inh ib i t  our view of the universe. Only a very narrow 
band of the electro-magnetic spectrum can penetrate t h e  gaseous blanket 
surrounding the Earth. 
centered around the vis ible ,  radio and infra-red, severe dis tor t ion of 
incoming inforpation occurs. A i r  motion causes the apparent twinkling 
the stars. The same mechanism l i m i t s  Earth-bound lunar photos t o  a 
resolution of about 4 m i l e .  
missions overcame two immediate problems,that is ,  distance and the semi- 
opaque atmosphere. 
Even i n  this narrow range of frequencies, 
The TV camera systems carried by these 
The launch and f l i gh t  prof i les  of the four missions are very s i m i l a r ,  
so  t ha t  only one need be described. 
as typical. 
the Atlas-D. This i s  the  same as was used i n  the manned Mercury f l igh ts .  
I n  G e m i n i ,  Atlas was also used t o  launch the Agena ta rge t  vehicle; Agena 
i n  modified form w a s  a l so  used as a second stage i n  the Ranger launch. 
A t l a s  alone can place about 1800 lbs. i n t o  a 300 m i l e  orbit ;  the A t l a s -  
Agena can put nearly 6000 lbs. i n t o  the same orb i t ,  or send 950 lbs. t o  
the Moon. 
had the responsibi l i ty  for the  launch vehicle. 
The Ranger launch w i l l  be recounted 
A l l  four missions ( f ig .  4) used a comon launch vehicle, 
I n  a l l  the  missions t o  be described, the Lewis  Research Center 
The Ranger spacecraft ( f i g .  5) was  designed by the Jet Propulsion 
Laboratory of the California I n s t i t u t e  of Technology. 
of an open hexagonal truncated cone as the main s t ructure  w i t h  the  solar  





panels and the  parabolic dish antenna hinged t o  the  structure,  
v i s ib le ,  on the  underside of the  s t ructure  i s  the rocket used for 
course corrections., 
the  main structure,  The caneyaslook out through the  side,  inclined 
at  an angle of about 37 degrees. 
system i s  an omni antenna t o  receive commands from Earth, and transmit 
t o  Earth i f  t h e  parabolic antenna i s  not usable. 
t he  base of t he  s t ructure  contain various electronics systems and 
batteries. 
i s  s tab i l ized  i n  f l i g h t  by gas jets which maintain some preferred orienta- 
t ion.  
Not 
The TV system i s  contained i n  the cylinder atop 
The top-hat s t ructure  above the  camera 
Six compartments about 
Ranger i s  a second generation spacecraft, i n  t h a t  the  craft 
A t  launch ( f ig .  6) the dish antenna i s  folded under the  craf% and 
the solar  panels are folded up. The Ranger i s  mounted on the Atlas-Agena 
and covered by a protective shroud for  t he  launch through the  atmosphere. 
The window through which the camera see the  lunar surface i s  also visible 
i n  t h i s  view. 
If we think ( f ig .  7) of the allowable launch corridor t o  the Moon 
as a tunnel, i t ' s  mouth-the launch window--would be 10 miles i n  diameter 
approximately 115 miles above the Earth, The Earth-Moon distance i s  
about million miles, however, the Ranger will t r ave l  an additional 
9OOOO miles along the curved trajectory.  The launch sequence consists 
of the  A t l a s  l i f t i n g  the Ranger-Agena combination t o  about 90 miles where 
the A t l a s  and the spacecraft shroud are jettisoned. The Agena then fires 
and in j ec t s  i tself  and Ranger i n t o  a 115 m i l e  parking orb i t .  
shuts down; the o r b i t a l  velocity i s  about 5 miles per second, 
period of coast, dependent upon the launch prof i le ,  t he  Agena f i res  again 
and in j ec t s  the Ranger through the  launch window. The escape velocity i s  
about 7 miles per second, and must be accurate t o  1 part i n  1500 for  
mission success. 
f ied l i m i t s ,  enough propulsive power i s  available i n  the  Ranger rocket 
engine t o  m a k e  midcourse corrections. A f t e r  in ject ion,  Agena separates, 
f i res  retro-rockets t o  slow i tself ,  and falls away. 
are the launch azimuth and the length of coast i n  the parking orbi t ;  the 
constraints on the launch, imposed by nature and man, are: 
The Agena 
After a 
If the Ranger enters  t he  launch window within the speci- 
The launch variables 
(1) The launch s i t e  i s  moving, due t o  the  earth's rotat ion,  
a t  a speed of nearly 1000 mph. 
(2)  The Moon i n  i t s  o rb i t  i s  moving with a speed of about 2000 mph. 
(3) The required escape velocity can only be attained outside the  
Earth' s atmosphere. 
(4)  Launch azimuth i s  restricted t o  the range of  90 t o  114' so tha t  
re-entering portions of the vehicle will not endanger populated 
areas, 
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( 5 )  To receive the Ranger picture transmissions, the main track- 
ing antenna q t  Goldstone, California must have the impact point 
on the Moon i n  sight during the f i n a l  portion of the  f l i gh t .  
The ideal  approach (fig., 8) t o  the Moon for  the  Ranger mission is  a , 
near ve r t i ca l  approach with low angle l ight ing t o  enhance surface shadow- 
ing; further, the Ranger must have i t s  dish antenna pointing toward Earth. 
The only time the Ranger could f u l f i l l  t h i s  f l i gh t  prof i le  was i n  the t h i r d  
quarter of the  lunar month., 
the Ranger could be launched only during a 1 t o  4 hour period on s ix  
consecutive days i n  the t h i r d  quarter of the lunar month. 
Considering a l l  res t r ic t ions  and res t ra in ts ,  
After launch ( f ig .  5) Ranger has suff ic ient  ba t te ry  power for  only 
about 20 hours of operation and must for  most of the  mission r e l y  upon 
solar power, Squibs (explosive pin-pullers) unlatch the solar  panels and 
loading springs cause the panels t o  deploy and lock in to  position. Small 
cold jets cause a controlled tumble u n t i l  photocells, which sense the sun 
direction and control the gas j e t s ,  cause the c ra f t  t o  s tab i l ize  with the 
panels locked on the szn. 
i s  unlatched. 
roll leaving the  Ranger s tabi l ized i n  what i s  termed the cruise mode. 
Antenna angle i s  also controlled t o  maintain an "Earth lock". 
The c r a f t  continues t o  roll as the dish antenna 
Photosensors on the antenna sense the Earth and stop the 
Earth transmission t o  the c r a f t  was a t  890 mc., with command data  
i n  d i g i t a l  form, 
of allowable commands and retransmits the command back t o  Earth as a 
check. 
by a fixed number and uses t h i s  new f'requency as  the car r ie r  f o r  retrans- 
mission back t o  Earth. These frequencies (890 mc. from Earth and about 
960 mc. back t o  E a r t h )  are modified by Doppler e f fec ts  and al low velocity 
determinations along the Line of transmission t o  an accuracy of about 
-$ inch per second, 
Ranger receives the comands, compares them t o  a l i s t  
Ranger also multiplies the received car r ie r  frequency from Earth 
The t o t a l  f l igh t ' t ime , ( f ig .  9) t o  the  Moon i s  some 68 hours, most 
of it spent i n  cruise mode. Enough tracking data i s  received i n  the first 
16 hours t o  caLculate the midcourse correction. Ranger receives the 
commands from Earth, leaves cruise mode, points i tself  i n  the proper 
direction and fires i t s "  engine fo r  the proper length of t i m e .  
then repeats i t s8  tumbling act  t o  re turn t o  cruise mode; i n  the l a s t  three 
Ranger missions, the midcourse correction allowed impacts on the Moon 
within 10 t o  20 miles of the desired point. For the next 50 hours, Ranger 
continues t o  the Moon, transmitting engineering measurements on about 
110 onboard parameters, For the  f irst  50 hours of the  f l i g h t ,  the  Ear th ' s  
gravity i s  slowing the  Ranger; then the MoonOs at t ract ion takes over and 
Ranger begins t o  accelerate toward the impact point. 
Ranger 
About 1 hour before impact ( f ig ,  10) Ranger or ients  itself" so tha t  the 
cameraslook down the trajectory; the panels no longer point a t  the .un ei so 
tha t  power i s  derived from ba t te r ies .  The E a r t h  lock i s  maintained for the  
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dish antenna since t h i s  is the l ink  over which the Ranger photos w i l l  
be transmitted. To t h i s  point, communications t o  Earth has been main- 
tained by a 3 w a t t  transmitter. For the c r i t i c a l  par t  of the mission, 
twin 60 w a t t  t ransmitters i n  the camera system are turned on for  the 
actual picture  transmissions. Fifteen minutes before impact the picture  
taking sequence begins, Although the other missions t o  be discussed 
d i f f e r  i n  de t a i l ,  a very similar sequence of events occurs i n  carrying 
out the missions. 
The ranger camera system ( f ig .  11) consisted of six vidicon cameras, 
The lower three were 76 mm., f/2.0, while the upper were 25 mm., f/0.95. 
All  s i x  cameras use the same mode of  operation, shuttered bages and a 
slow scan. On the center two cameras, the vidicon scan area was  a square 
0.44 inch on a side, exposure time was 1/200 second. A 800 l i n e  scan of 
the frame required 2,56 seconds, about the same length of t i m e  w a s  re- 
quired t o  erase and prepare the  vidicon for  the next photo, The outer 
four cameras used a smaller scan area, 0.11 x 0.11 inches, a 200 l i n e  
scan and an exposure of l /5OO seconds. The smaller scan area allowed 
fas te r  operation of these cameras; 0.2 second was required for picture  
read-out with 0.8 second between exposures. 
The center cameras--denoted Fa and F for 'full frameP--alter- 
naked picture transmission over one of the 68 watt transmitters. 
cameras transmitted a t  959.52 mc. along with l 5  points of camera system 
engineering data. 
the second transmitter a t  960.58 mc, with 90 points of data t o  ident i fy  
the  photos of both channels. 
u n t i l  impact 
The F 
The outer P cameras--for p a r t i a l  scan--alternated over 
The 3 w a t t  t ransmitter continued t o  transmit 
The telemetered data  from Ranger ( f ig .  12) was  received on antennas 
a t  tracking s ta t ions scattered about the globe. 
diameter parabolic antennas receive the routine tracking and engineering 
data and then forward it t o  the JPL team by conventional ground communica- 
t ions  methods. 
entrusted t o  these ground links; the picture information i s  contained i n  
a 200 kc. band-width and could be badly distorted.  The Goldstone s ta t ion  
i n  California i s  the only tracking s i t e  which has a l l  the required equip- 
ment t o  reconstruct the photographs, t h i s  i s  the reason tha t  Goldstone 
must have the impact s i t e  i n  view at  the time of impact. 
These 80 t o  90 foot- 
However, the photos are  considered too valuable t o  be 
Picture transmission begins ( f ig .  13) when the resolution i s  about 
the same as from Earth. 
Light levels  on the Moon were poorly defined before the Ranger VIP mission, 
so  tha t  the RCA design engineers chose camera set t ings t o  cover a range of 
2500 t o  30 foot-lamberts-equivalent t o  high noon and dusk on Earth--with 
usable photos from one or more of the cameras. The contrast i n  th i s  frame 
i s  poor; for  later missions Ranger VIP provided the l ight ing data which 
yielded improved contrast. 
The gr id  l ines  are imposed i n  the camera i tself ,  
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A new concept of the Moon began t o  appear as  the three Ranger 
missions provided coverage of limited surface areas with resolution 1000 
times be t t e r  than was  previously available., Smooth ro l l ing  slopes replace 
the previously imagined craggy peaks, ( f i g ,  14) a This photo of the crater  
Alphonsus shows the-adjacent Mare--notice the difference i n  small c ra te r  
density, which infers  a difference i n  age. The r i l l s  seem t o  indicate the 
poss ib i l i ty  of surface activity-some investigators a f t e r  viewing these 
photos began t o  t a l k  of ac t iv i ty  on the Moon akin t o  volcanic ac t iv i ty  of' 
the  Earth, Each of the Ranger missions transmitted over 4000 photos of 
the  Moon t o  Earth. 
a portion of i t s '  f i n a l  frame, ( f ig .  L5) the JPL team turned i t s '  
at tention t o  the next lunar probe, Surveyor. 
Then as t h e  P camera system of Ranger I X  transmitted 
I n  Surveyor ( f ig .  16) the camera system i s  conventional by Earth 
standards. The complexity of Surveyor enters because it must land i t s '  
camera, along with other instruments on the Moon with minimum shock. Two 
omni antennas and a planar antenna communicate with Earth. Once on the 
Moon, the solar  panel and planar antenna are locked on the sun and Earth, 
respectively. 
i n  the thermal compartments for  protection against the exgremes of  Lunar 
temperature. The temperature on the Moon var ies  f r g m  250 above zero a t  
noon, through zero within an hour of  sunset, t o  260 below zero i n  the 
lunar night. The Surveyor system includes several cameras as well as 
other experiments, such as a surface sampler which digs in to  the Moon and 
samples the lunar surface. 
The various electronics of the Surveyor system are contained 
Two radar systems control the Surveyor approach t o  the Moon. The 
first i n i t i a t e s  the approach procedure; the second measures the approach 
parameters and controls the vernier rocket engines. 
two seconds i n  communications t o  and from Ea_rth requires a self-contained 
approach control system. 
A t i m e - l a g  of over 
Surveyor d i f f e r s  from Ranger i n  i t s  f l i g h t  mode i n  tha t  the Surveyor 
senses the sun and the  s t a r  Canopus t o  control i t s  orientation; t h i s  gives 
a more accurate control of the cruise mode than the simple ' E a r t h  lock' 
of Ranger, Canopus i s  the second br ightest  s t a r  i n  the sky, and i s  located 
near the South pole; the sun-Canopus combination i s  used as a reference 
i n  the majority of space probes for  s tab i l iz ing  the  c ra f t  orientation. One 
m t h e r  difference i n  the  Surveyor launch and f l i g h t  i s  of i n t e re s t ,  
other three missions of i n t e re s t  tonight used the Atlas-Agena; the soft-  
landing of the Surveyor requires a large mount of rocket power t o  slow 
its 'descent.  This  i n  turn required a launch vehicle capable of sending 
about 1 ton of spacecraft t o  the Moon. 
The 
The booster for t h i s  mission i s  the Atlas-Centaur ( f ig .  17) combina- 
tion; Centaur uses l iqu id  oxygen and hydrogen as propellants and can send 
2300 lbs.  t o  the Moon. Centaur, and A t l a s  also,  uses a 'balloon s t ructure*;  
s t ruc tura l  strength i s  derived from in te rna l  pressurization. The Centaur 
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skin i s  0.014-inch thick and i s  the  main s t ruc tura l  member. 
panels cover the  Centaur t o  inh ib i t  boil-off of the cryogenic fuel; 
these panels are je t t isoned once outside the atmosphere. 
Fiber-glass 
A t  launch ( f i g .  18) Surveyor weighs about 2200 lbs,; about 60 percent 
of t h i s  weight i s  i n  the main retro-motor, 
of the th rus t  for  slowing the  approach; minor thrus t  corrections are  made, 
through radar control, by three small vernier engines. These vernier 
engines a lso provide the t h r u s t  for  the  midcourse maneuver. 
This engine provides the majority 
This i l l u s t r a t i o n  also provides a good view of the landing s t r u t ,  
shock adsorber and aluminum honey-comb landing pad, 
highly polished t o  r e f l e c t  heat; the paint  pat terns  for  passive thermal 
control give the gas storage b o t t l e s  a beach-ball appearance. 
the instrument thermal package i s  mirrored t o  r e f l e c t  heat. 
The s t ructure  is  
The top of 
The terminal descent of Surveyor begins about 30 minutes before touch- 
down wherr Surveyor aligns i t s  main r e t r o  with the  f l i g h t  vector. 
burnout, the empty casing i s  jett isoned; the  engine has reduced the  
approach t o  240 mph from the  6100 mph before f i r ing .  
answering the  commands of the approach radar, control the  last 5 miles of 
the f l i gh t ;  the vernier engines shut down a t  about 13 fee t  above the surface 
having decreased the  veloci ty  t o  3-& mph. Surveyor f a l l s  the  f i n a l  distance 
and touches the  Moon a t  a veloci ty  of 10 mph. 
Surveyor's launch weight remains; i n  the  Moon's reduced gravity,  the 
Surveyor only weighs about 90 lbs. 
A t  r e t r o  
The vernier rockets, 
Only 620 lbs.  of the 
A t  touchdom, the  mast holding the planar antenna and the solar  panel 
This i s  i n  a re t rac ted  posit ion and will require ba t te ry  power t o  deploy. 
power i s  derived from onboard batteries since the solar panel i s  not 
positioned t o  receive energy from the sun. As protection against f a i lu re  
of the  mast assembly, Surveyor has Che a b i l i t y  t o  transmit photographs 
over the omni antenna system. This i s  done before ra i s ing  the mast so 
t h a t  i f  the  ba t t e r i e s  are depleted i n  t rying t o  deploy, some data  m i g h t  
be salvaged. 
Having survived the landing, Surveyor must s t i l l  survive the extremes 
of lunar environment. 
of lunar night by 75 sheets of  aluminized mylar and e l e c t r i c a l  heaters.  
To prevent overheating, mechanical thermal switches open and close thermal 
paths t o  radiators .  During operation, the  system in t e rna l  heat presents 
as severe a heat load as the sun's radiation. 
The electronics are protected from the  f r i g i d  cold 
The single operating camera of Surveyor I was mounted a t  about eye 
level; i t s  optics and vidicon charac te r i s t ic  gave it about the same re- 
solving power and l i g h t  s ens i t i v i ty  as  the human eye, ( f i g .  19). 
i s  mounted ve r t i ca l ly  and sees the lunar surface through a mirror; 
The camera 
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azimuth and elevation control allows the camera t o  see all of the  lunar 
surface, except t h a t  which i s  blocked by the Surveyor structure,  A PiLLer 
wheel allows pictures t o  be taken through f ive different  f i l t e r s :  clear,  
polarized, blue,  green, or  orange. A lens  control system allows adjust- 
ment of' focal  length, focus and iris; two choices are given fo r  the s h u t t e r ,  
an exposure of 150 ms. or  manual control, 
' 
About 14 pictures were transmitted ( f ig .  20) i n  a 200 l i n e  scan 
mode before ra is ing the antenna and solar  panel. 
the scan r a t e  was 600 l ines  ( f ig .  21) w i t h  a noticeable improvement i n  
quality. The object i n  view i n  many of the i n i t i a l  photos i s  the foot of 
the Surveyor, 
t he  Surveyor on the moon; from the impression made by the foot, estimates 
of the bearing strength of the Moon's surface were made. 
Af'ter the deployment, 
; 
Instruments mounted on the s t r u t s  measured the impact of 
A color disk was also provided t o  correct the  color content of the 
gictures taken through the colored fi l ters.  
reconstructed on Earth t o  provide t r u e  color photos of the lunar surface. 
Except f o r  the  Surveyor, t he  color content of the lunar surface i s  n i l .  
The Moon appears only as a scale of greys. 
The received images were 
A new techn.ique ( f i g ,  22) was tipplied t o  the Surveyor pictures t o  
Corfiputers were used to analyze the s ignals  and enhance t h e i r  quality, 
photographs t o  remove noise, dis tor t ion and improve contrast. The 
technique i s  quite powerful, being able to correct for  motion, focus and, 
t o  a. degree, for  grain size.  I n  these photos objects near the spacecraft 
about 1/50 of an inch across are resolved; t h i s  i s  about 1 0 0  times be t t e r  
than Ranger and be t t e r s  Earth resolution by a factor  of 10 , 
From the photographs such as t h i s ,  and knowledge O f  the  landing para- 
meters, the bearing strength of the Moon's surface i s  estimated t o  be 
about 5 psi--about the same as wet sand, Eefore Surveyor, it had not been 
proven tha t  this landing method, the  same as i s  t o  be used i n  Apollo, was 
feasible. It was feared tha t  the lunar surface would not properly r e f l ec t  
the radar beam used t o  control approach due to a thick dust layer. 
said tha t  any craft landing would be swallowed by t h i s  dust blanket, 
Some 
With the team a t  JPL s t i l l  busy with Surveyor, i f  we turn t o  Boefng 
we find a similar team busy w i t h  Lunar Orbiter, ( f i g .  23). 
the same essent ia l  features as the other missions-solar panels, direct-  
ional  and omni antennas, a propulsion system, and a t t i tude  control. But, 
i t s  photographic mission of o r b i t a l  survey yields an interest ing and 
unusual photographic sys.cem. 
Orbiter has 
The Orbiter i s  launched ( f i g ,  24) by the Atlas-Agena toward the 
From th is  i n i t i a l  o rb i t ,  the Orbiter 's  engine fires t o  lower the 
Moon; i t s  goal i s  a lunar orb i t ,  w i t h  128 mile perilone and 1150 m i l e  
apolune. 
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perilune t o  about 28 m i l e s ;  the Orbiter 's  photographs w i l l  be taken from 
t h i s  altitude., 
Before launch, a se r ies  of survey sites near the  lunar equator are 
chosen fo r  Orbiter t o  photograph. 
over the equator near t o  the terminator. 
s i t e s  pass under Orbiter with low angle l ight ing t o  give good r e l i e f  shadows. 
The sites chosen are the possible landing s i t e s  for  the  manned lunar missions 
of Project Apollo. 
The path of Orbiter i s  such as t o  pass 
A s  the  Moon rotates,  the various 
The camera system ( f ig .  25) of Orbiter i s  contained i n  an egg shaped 
pressure shel l .  
+inch focal length, medium resolution--view the Moon through a quartz window, 
and i s  protected i n  turn by a thermal door which opens for  each photographic 
pass, 
through micrometeoroid and radiation detectors; from tracking the Orbiter, 
the  Moon's gravity can be studied and minor variations charted. 
Two cameras--a 24-inch focal length, high resolution and a 
Orbiter also provides additional data about the near lunar space 
I n  the Orbiter 's  photographic subsystem ( f ig .  26) roll fi lm is exposed, 
developed, stored, and l a t e r  the images are scanned and transmitted t o  Earth. 
The primary divisioas of the system are the cameras, the  processing, and the  
readout phases, 
shutter; the  3-inch lens  i s  also f/5.6 w i t h  between the lens shutter,  
cameras have ground controlled shutter speeds of 10, 20 and 40 m s .  
cameras operate simultaneously and expose different  areas of the film, 
exposed fi lm then consists of alternating exposures from the two cameras, 
The film used i s  slow--its exposure index is  1.6. 
sensit ive t o  radiation fogging; also, the high def ini t ion film, such as was 
used, has f ine  grain s ize ,  which implies i n  turn,  a slow film. A two hundred 
foot roll of 70 mm film was used; t h i s  allowed a t o t a l  of 195 dual exposures, 
One edge of the film was  preexposed before launch w i t h  resolving power charts 
and densitometric grey scales as a method of calibrating the readout, trans- 
mission and receiving systems. 




High speed film i s  very 
The development processor i s  based on the god& 'Bimat' process. A 
web containing a single solution developer-fixer i s  pressed against the 
exposed film. The developed and fixed negative i s  dried and passed through 
the looper and readout t o  the film takeup. The flow of film through the 
processor cannot stop, or st icking of the film t o  the web occurs. Since the 
film exposure r a t e  i s  not constant, loopers capable of storing 20 frames act  
as buffers between the different  phases of the system. The readout system 
requires an average of 40 minutes t o  read each pair of i m a g e s  so t h a t  only 
spot readout i s  made during the photo taking portion of the mission, 
a l l  the  film i s  exposed and developed, the developer web i s  cut; the film 
begins t o  rewind as readout proceeds. Photo readout i s  i n  the reverse 
sequence and proceeds from the last  photo t o  the first, 
After 
LO 
Since Orbiter i s  about 28 miles above the surface of the Moon and 
t ravel ing at  4500 mph, some blurr ing of  the  i m a g e  i s  possible, 
i n  Orbiter scans the lunar surface through the 24 inch camera and by com- 
paring the  l i g h t  on sequential scans determines the  image motion. 
compensate for  the  Orbi ter ' s  movement. 
A sensor 
This 
information is  fed t o  platens holding the  fi lm t o  develop fi lm motion t o  ' ;  
The readout system ( f ig .  27) i s  a flying spot scanner. An electron 
beam generates a scan l i n e  on a phospor coated drum; high beam in t ens i ty  
means heat, so the  drum ro t a t e s  t o  avoid burning the  phospor. The scan 
l i n e  i s  focused onto, and moved across, the  fi lm by the scanner lens;  
Scan width i s  1/10 inch, 17000 
width, 
t o  scan one 1/10 inch segment of film. The l i g h t  passing through the  film 
i s  focused onto a photosensor and then, through amplifiers and transmitters,  
i s  passed t o  Earth, 
segments and requires 40 minutes. 
readout as many times as decired, 
l i n e s  are required t o  scan the 70 m film 
The scan spot dtameter is 0,0002 inches; 20 seconds i s  required 
Each pa i r  of photographs requires 116 of the 1/10 inch 
The t o t a l  set of photographs may be 
For image reconstruction, ( f ig .  28) the received s ignal  on Earth i s  
displayed on a kinescope and recorded on 35 mm film; each 1/10 inch scan 
requires nearly 17 inches of film. 
photographs--are then assembled in to  a finished photograph--lh by 55 inches 
for t'ne pair .  This reassembly process gives the finished photos a venetian 
bl ind appearance. As the  photographs are reassembled, the  preexposed data  
on the fi lm edge allows for  corrections i n  the i m a g e  as recorded on %he 
35 mm film, 
/ 
* " The individual strips--116 per pa i r  of  
Since the  development process cannot be stopped once started, there i s  
a necessity t o  take the  photos a t  some minimum rate;  i f  one of the survey 
s i t e s  i s  not a t  hand, the photo becomes a snapshot of opportunity. The 
photographs of Copernicus from Orbiter are interest ing ( f ig .  29)  because of 
the  new perspective. On the horizon, the c ra te r  of Copernicus--some 30 
miles i n  diameter and 2 miles deep-in the center the  keyhole shaped cra te r  
Fauth; and i n  the  foreground, the  unusual domes f irst  discovered i n  Orbiter 
photos. The or igin t o  these domes i s  postulated as volcanic by some of the  
experts e 
The same area i s  shown i n  t h i s  photo ( f ig .  30) taken from Earth through 
The cent ra l  c ra te r  i s  Copernicus, the 120-inch telescape of Lick Observatory. 
some 30 m i l e s  south is  the  c ra te r  Fauth. A t  the  time Orbiter took the  pre- 
vious photo, it was  south of Copernicus, looking north. 
I n  the high resolution photograph ( f i g .  31) Copernicus f i l l s  the cb an t  er 
with Fauth j u s t  visible i n  the  foreground. 
distance i s  fore shortened; the distance i s  180 m i l e s  from the  bottom of the 
photo t o  the  Gay-Lussac Promontory on the horizon. The rounded features and 
Due t o  the oblique view, the  
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the apparent leveling of the crater  f loor are evident i n  t h i s  view. 
The f i n a l  mission ( f ig .  32) t o  be discussed is the  Mariner IV--a 
Mars fly-by. 
ments for  the mission; instruments were t o  monitor the space between E a r t h  
and Mars, as well as t o  study the M a r t i a n  surface and atmosphere. 
Mariner was an eight-sided ha t  box with the camera protruding through the 
base; the usual assortment of antennas and solar panels are used. 
tu re  control of the s t ructure  was provided by the venetian bl ind array of 
shutters,  controlled by bi-metallic elements. Closed, the louvers were 
highly polished; with increasing temperature, the louvers opened t o  expose 
blackened radiating surfaces. Solar s a i l s  on the solar panels reacted t o  
solar l i g h t  pressure and were used t o  s t ab i l i ze  the Mariner's a t t i tude  i n  
space--an analog o f  the wind-jammers of old, 
The photographic system of Mariner was one of eight experi- 
The 
Tempera- 
The Mariner launch differed from the Ranger launch only i n  de t a i l s  and 
The Mwiner launch could only be carried out for a period of a few degree. 
hours each day f o r  about t w o  weeks every t w o  years; fkom launch t o  encounter, 
240 days would elapse. A t  encounter, the Earth was 1-1/3 mil l ion  miles away; 
signals t o  and from Mariner were 12 minutes i n  t r a n s i t .  
traveled 325 mil l ion  miles i n  eight months i n  order t o  spend about 12  hours 
near Mars making automated observations. 
Mariner had 
To perform i t s  mission, Mariner would pass below the planet, hook up 
behind Mars due t o  gravi ta t ional  a t t rac t ion  and be occulted by the planet. 
The aiming point was an a l t i tude  of 57Cr\ m i l e s .  A t  th i s  a l t i tude ,  usable 
photographs would be obtained; l a t e r ,  the Mariner radio signals would pass 
through the Martial  atmosphere as the spacecraft flew behind the planet. 
From signal dis tor t ion,  it was expected tha t  an estimate of  the M a r t i a n  
atmospheric density and extent could be made. The a l t i tude  achieved a t  
encounter was 61GC miles--essentially a b u l l ' s  eye. 
The transmitter frequency on Mariner was 2300 mc, c rys ta l  controlled 
f r o m  Earth with shortterm s t a b i l i t y  of about 1 par t  per loll. The occultation 
caused the transmitted signal t o  suffer phase, amplitude and frequency 
dis tor t ions.  From t h i s  data, an estimate of pressure of  5 t o  6 mb 
( 4  t o  5 mmHg) and an atmospheric temperature of about -100' F was derived. 
The picture  taJsing process occurred some 9 hours before closest  approach 
and las ted  about 1/2 hour. 
t i o n ,  l as t ing  about one hour, occurred. Later, as the Mariner cleared the 
near M a r s  space, the transmission of the stored photos began. 
About 1 hour a f t e r  closest  approach the occulta- 
The camera used i n  Mariner ( f i g .  33) was a Cassegrain ref lect ing 
telescope-vidicon combination. 
1-3 inch aperture. 
matically cycling a t  48 second intervals .  
over the camera alternately.  
The optics had a 12-inch focal  length and 
The exposure time was l/5 second with the shutter auto- 
Red and green f i l t e r s  were placed 
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Due t o  the distance involved, the transmission of data requires 
d i g i t a l  techniques a t  a f a i r l y  slow pulse rate;  for  Mariner, the r a t e  was 
8-1/3 b i t s  per second, 
inches. 
scanned and digit ized. 
sities; t h i s  range was divided in to  64 equal increments by a 6 b i t  binary 
scale. 
64 increments were included i n  each photo. 
40000 
per second, transmission of a single photograph required nearly 8 hours. 
Photos were taken a t  48 second intervals  so tha t  a method of storing the 
picture data was necessary. 
300 fee t  of 2/4-inch two-track tape; t h i s  gave storage for about 22 frames. 
A t  the scanning r a t e  of 48 seconds per frame, about 33 frames would be 
exposed as the camera traversed the face of  Mars, therefore, every th i rd  
frame was rejected by the recorder, 
The scan area of the  camera vidicon was 0,22 x 0.22 
The vidicon responded t o  a 30 t o  1 range of inten- 
This area was divided i n t o  a 200 x 200 matrix of points t o  be 
Automatic video gain adjustment was used so tha t  a t  l e a s t  15 of the 
contrast words of 6 b i t  each--a t o t a l  of 240000 b i t s - -a t  8-1/3 b i t s  
The t o t a l  picture consisted of 
A tape recorder recorded the  picture data on 
As Mariner approached Mars, the camera searched through a 180' arc 
u n t i l  the wide angle sensor s a w  the planet.and locked on, with the camera 
shutter cycling. A s  the  narrow angle sensor saw the planet 's  limb, the 
recorder was given a command t o  start recording the digi t ized picture,  
A s  the  playback sequence showed l a t e r ,  the first photos ( f ig .  34) 
caught the M a r t i a l  limb; the f irst  three transmissions, extended from the 
l i m b  almost t o  the equator. The techniques of enhancement ( f i g ,  35) were 
also applied t o  the Mars photos t o  improve the quality; i n  addition, the 
Mariner repeated i t s  playback of picture  so tha t  missing data might be 
reclaimed. The path of the Mariner photos across the Mars surface from 
l i m b  t o  terminator ( f ig .  36) was not too sat isfying t o  buffs of M a r t i a l  
canals; the path covers an area not too r ich i n  these surface features, 
The photos did yield interest ing resul ts ;  ( f i g .  37) near the middle of the 
photo process, the camera angle and l ight ing gave photos t h a t  were hailed 
as the most s ignif icant  s c i en t i f i c  photos t o  date. Surface resolution was 
about 2 miles; analysis showed a crater  size-density dis t r ibut ion nearly 
ident ical  t o  tha t  of the Moon. 
A s  the  camera approached the terminator ( f ig .  38) near the M a r t i a n  
south pole, the  polar ' i c e  cap' became evident as a th in  layer of hoar- 
f r o s t  on the crater  r i m ,  
The four missions described are i n  a sense primitive; they represent 
But primitive or not, we have i n  a few short years advanced our know- 
an i n i t i a l  survey of our space neighbors by use of the robot eyes of space- 
c raf t .  
ledge of t he  Moon and M a r s  by an increment as great as, i f  not greater than, 
the accumulated knowledge of a l l  the  years of man. Man has studied the Moon 
for  eons, measured i ts  motion, probed it with radar, scanned it with spectro- 
graphs. But all of th i s  f a i l ed  t o  produce the de t a i l s  t ha t  the photos of 
Ranger, Surveyor and Orbiter gave us. 
and forgotten by a l l  but the his tor ian as man takes h i s  first step on the 
Soon these photos w i l l  be f i l e d  
. I-unm surface, 
The M a r s  photos w i l l  stand longer--supplemented by data from forth- 
corning missions; u n t i l  man feels ready t o  commit himself t o  t rue  interplane- 
t a r y  exploration. L i f e  on Mars has long been a dream of the science-fiction 
writer; Mariner I V  did not disprove the existence of Martian l i f e ;  (neither 
did it prove tt) t h i s  must w a i t  f o r  l a t e r  more sophisticated missions, 
None of these missions--from countdotm zero t o  project f in i sh  and 
success--would have been possible without the science-the art-of instru- < 
mentation. 
of the automobile and the airplane; the comparison i s  often instructive.  
But,  there was and i s  no seat-of-the-pants flying i n  space. Instrumentation 
.provides the electro-mechanical jockey t h a t  guides the mission, 
Space f l i g h t  and rocketry are often compared t o  the ear ly  days 
FThile most of the concepts of measurement u t i l i zed  i n  space instrumenta- 
t ion are not new, a great  deal of e f fo r t  is expended i n  making a f l i g h t  
instnment package l i gh te r ,  or more sensit ive,  and always, more rel iable .  
This i n  t u r n  gives us an immedizite benefit  here on Earth i n  terns of the 
irn?roven;ents of our day-to-day measurements. 
Through the rocket, man found it possible t;o enter i n to  the  space age; 
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Figure 1. - Unmanned lunar spacecraft, with their robot cameras are preparing the way for 
manned exploration of the moon. 
Figure 2. - The Mariner IV  probe to Mars traveled through space for eight months to spend 12 
hours near the red planets making observations. 
Figure 3. - Our view of the  universe is restricted due to the opaque atmosphere surrounding 
the earth. 
launches. 
I .  
Figure 5. - Rangers VII. VIII, and IX provided the first close-up view of the . 
lunar surface. 
Figure 6. - Ranger is mounted on the Agena in launch configuration. 
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Figure 10. - T h e  terminal maneuver of the Ranger points the cameras along the flight vector. 






Figure 11. - The Ranger camera system provided over 4000 quality photographs 
on each of the Ranger missions. 
Figure 12. - Antennas such as th is  80 foot parabolic dish provide the communications l i nk  with the  
probes to the  Moon and Mars. 
Figure 13. - This Ranger VI1 Moonscape includes data to identify the  frame number, time, 
camera and mission. 
Figure 14. -This Ranger IX photo from 58 miles above the Moon shows the craters Alphonsus 
(right) and Alpatrogius (bottom) and the adjacent mare. 




Figure 15. - The f inal transmission from Ranger VI1 shows a complete P-1 photo from 3000 feet and 
a partial P-3 photo from 1000 feet. Receiver noise replaces the final t h i rd  of the P-3 photo at time 
of impact. -. 
Figure 16. - The 2150 pound Surveyor is  designed to soft land its instrument package on the Moon. 
Figure 17. - The Atlas-Centaur launch vehicle used in the Surveyor launches. 
Figure 18. - Preparing the Surveyor for it's Moon mission. The main retro-motor (in the foreground). 
Figure 19. 
Figure 20. - Surveyor I photograph of it's landing pad, 200 l i ne  scan mode. Image at the bottom i s  
a reflection of the camera lens. 
Figure 21. - Surveyor I photo in 600 l i ne  scan mode. Note the  improvement over figure 20. Bright 
spots to the left are sun reflections in the  camera. 
I 
1 Before enhancement _ _ _  After enchancement- 
Figure 22. - Computer processing of the  Surveyor photos gave additional detail to the  
photos. The frame on the r ight  has a resolution of about 0.02 inches. 
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Figure 23. -The Lunar oribiter spacecraft. 
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TYPICAL ORBITER RIGHT PROFILE 
Figure 24. 
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Figure 27, - Orbiter photograph readout system. 
Figure 28. - Reassembled orbiter photograph. (Note pre-exposed edge data). 
Figure 29. 
Figure 31. 
. -. . .. . 
Figure 32. - Mariner IV spacecraft. CS-31281 
Figure 33. - The Mariner IV camera System. 
CS-36834 
Figure 34. - First three photographs from the Mariner IV mission. 
_. 
cs-42546 
Figure 35. - First frame of the Mariner IV mission. Bottom left: 
frame as in i t ia l ly  received, Bottom right: missing data is re- 
placed o n  second transmission. Top: computer enhancement, 
the finished photograph. 
Figure 36. - Map of Mars showing the  location of the individual Mariner IV photographs. 
Figure 37. - Frame No. 7 from the Mariner IV probe. 
Figure 38. - Frame No. 14 from the Mariner IV  probe. 
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